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Benzyladenine was more extensively metabolized by bean (Phaseo/us vulgaris L.) roots than by bean stems 
and leaves. However, most of the benzyladenine absorbed by these two aerial organs was converted to a 
compound tentatively identified as ribosylbenzyladenine. Compared to other plant systems, degradative 
metabolism by side-chain cleavage and conjugation by glucosylation, were minor events. This may explain 
why benzyladenine is effective in improving shoot growth in this plant under adverse conditions. 
Bensieladenien is meer volledig deur boontjiewortels (Phaseo/us vulgaris L.) as deur stingels en blare 
gemetaboliseer. Meeste van die bensieladenien wat deur hierdie twee bogrondse organe geabsorbeer is, is 
omvorm tot 'n verbinding wat tentatief ge'identifiseer is as ribosielbensieladenien. In vergelyking met ander 
plantsisteme was destruktiewe metabolisme deur sykettingafsplyting, en konjugering deur glukolisering, van 
minder belang. Hierdie feit mag verklaar waarom bensieladenien onder stremmende toestande hierdie 
plantsoort se stingel- en blaargroei doeltreffend bevorder. 
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Introduction 
The importance of roots in the regulation of shoot 
growth is well established (Carmi & Koller 1978; Carmi 
& Heuer 1981; van Staden & Carmi 1982; Carmi & van 
Staden 1983; Larsen & Fritts 1984) . This aspect is 
currently receiving increasing attention as more and 
more plants are grown in containers where root growth is 
restricted, or where plants are cultivated in greater 
density on smaller areas of arable land . Plants grown 
under conditions of a reduced root volume export less 
nutrients from the roots with the resultant formation of 
dwarf plants (Carmi & Heuer 1981; Robbins & Pharr 
1988). In beans the reduction in stem growth can be 
overcome completely, and that of leaves partially by the 
foliar application of gibberellic acid. The application of 
benzyladenine did not affect stem growth but increased 
primary leaf size and partially that of trifoliate leaves 
(Carmi & Heuer 1981). These authors therefore conclu-
ded that a limited root system exerts its effect on shoot 
growth through an hormonal system involving cytokinins 
and gibberellins. It is theref0re conceivable that, provi-
ded water and mineral elements are not limiting , shoot 
growth can be enhanced by the application of these 
hormones . One problem in such growth manipulation 
would be the mode of hormone application and its fate 
within the different plant organs . There is evidence that 
cytokinins applied to embryos of different bean varieties 
are metabolized differently (Mok & Mok 1987). In the 
case of tomatoes it was shown that the site of application 
(van Staden & Mallett 1988) and application to excised 
organs (Bayley et al. 1989) affected both the rate and 
degree of cytokinin metabolism. As indicated by Letham 
& Palni (1983) it would appear as if applied cytokinins 
are subject to more intense metabolism than are the 
endogenous compounds. As benzyladenine is effective 
as a partial substitute for dwarfing in beans its metab-
olism in the vegetative organs of this plant was 
investigated. 
Materials and Methods 
Plant material 
Seeds of Phaseolus vulgaris L. were germinated in moist 
sand . When 2 weeks old the seedlings were divided into 
leaves, stems and roots . These plant parts were individ-
ually incubated in 10 ml half-strength Murashige & 
Skoog (1962) macro- and micro-nutrients. No agar or 
sucrose was included in the medium which contained 
13.5 kBq [8- 14C]benzyladenine (Radiochemical Centre , 
Amersham) at a pH of 5.8. The flasks were incubated at 
23±2°C, a daylength of 16 h and photosynthetically 
available radiation of 55 /-1E m-2s- l . All material was 
harvested after 2 and 6 h respectively. At the completion 
of each treatment , plant material was rinsed and the 
rinses combined with the remaining media. All plant 
material was subsequently frozen and stored at -20°C 
until analysis. 
Cytokinin extraction and radioactivity determination 
All plant material was extracted and prepared for HPLC 
as previously described (van Staden & Mallett 1988). 
From each sample 100 /-11 aliquots were injected onto a 
Supelcosil LC-18-DB column (C18, 5 /-1m , 4 .6 x 250 mm 
i.d.; flow rate 1 ml min· l ) fitted to a Varian 5000 liquid 
chromatograph. The aqueous buffer consisted of 0.2 M 
acetic acid adjusted to pH 3.5 with triethylamine (Lee et 
al. 1985) . A linear gradient of methanol (5-50% over 90 
min) was used to effect elution . Fractions of 1 ml were 
collected and radioactivity determined by the addition of 
4 ml Beckman EP Ready-Solv scintillant followed by 
detection with a Beckman LS 3800 counter. 
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Samples suspected of containing conjugated metabo-
lites were hydrolyzed with IN HCI for 30 min at 100°C 
(Dyson et al. 1972) followed by HPLC separation. 
Compounds co-eluting with benzyladenosine monophos-
phate were treated with alkaline phosphatase (Miller 
1965) and again separated by HPLC. In all cases, 
fractions eluting from the column were assayed for 
radioactivity. 
Results and Discussion 
The benzyl adenine used contained no spurious peaks of 
radioactivity when separated by HPLC. The applied [8-
14C]benzyladenine was taken up by all three organs 
investigated. Uptake increased with time, particularly in 
the case of the stems and leaves. In these latter two 
organs however, between 65 and 75% of the detected 
radioactivity was still associated with the incubation 
media after 6 h. The applied benzyladenine (BA) was 
relatively stable in the incubation media and between 85 
and 98% of the radioactivity remaining co-chroma to-
graphed with authentic benzyladenine (Table 1). With 
time of incubation the different organs showed a greater 
degree of metabolism. The roots metabolized the 
absorbed benzyladenine the most extensively, and a 
larger number of radioactive metabolites was detected in 
this organ during the course of the experiment (Table 1). 
Seven peaks were detected after 6 h of incubation 
(Figure lA). Peaks 4 and 5 were not detected in the 
stems and leaves (Table 1). Throughout the experiment 
considerable radioactivity was associated with peak 6 
which had a retention time similar to that of authentic 
benzyladenine (Figure lA). While lesser amounts of the 
applied cytokinin was absorbed by the stems and leaves, 
it is noticeable that in these organs metabolism of the 
Table 1 Total radioactivity recovered (%) in the 
various HPLC-derived peaks from bean organ extracts 
and incubation media after different times of incubation 
Time Plant 
(hours) organ 
Plant material : 
2 Roots 
2 Stems 
2 Leaves 
6 Roots 
6 Stems 
6 Leaves 
Incubation media: 
2 Roots 
2 Stems 
2 Leaves 
6 Roots 
6 Stems 
6 Leaves 
Total 
Radioactivity 
recovered 
(%) 
43.1 
15.3 
19.3 
51.0 
24.9 
34.2 
56.9 
84.7 
80.7 
49.0 
75.1 
65.8 
Radioactivity recovered 
per peak (%) 
PI P2 P3 P4 P5 P6 P7 
5.7 2.1 1.2 0.6 81.4 9.0 
6.7 - 54.8 38.5 
2.5 - 70.8 26.7 
8.2 0 .3 2.2 2.3 0.7 77.7 8.6 
3.1 1.2 5.4 - 36.0 54.3 
4.9 2.4 6.7 - 39.946.1 
9.1 - 85.5 5.5 
0.9 - 95.7 3.4 
- 91.8 8.3 
1.7 - 95.8 2.5 
1.9 - 92.8 5.3 
- 88.5 11.5 
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applied cytokinins, although not as extensive, was more 
rapid than in the roots. The major metabolite, peak 7, 
co-chromatographed with ribosylbenzyladenine (BAR). 
This was also the major radioactive peak detected in the 
incubation media of the stem and leaves (Table 1), 
suggesting release into the medium. This release was the 
greatest from the leaf material. 
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Figure 1 Radioactive peaks detected after HPLC fractiona-
tion of bean extracts following treatment of roots with [S-14C] 
benzyladenine. A. Positions of radioactive peaks detected in 
root extracts 6 h after treatment. B. Separation of peak 3 after 
treatment with HCI for 5 (0- -0) and 30 (e e) min 
respectively. C. Separation of peak 4 after 30 min (e e) 
HCI treatment and after treatment with alkaline phosphatase 
(0 .... 0). D. Separation of peak 5 after 30 min HCl treatment. 
E . Separation of peak 7 after 30 min HCl treatment. Ade = 
adenine; Ado = adenosine; BAMP = benzyladenine mono-
phosphate; BA9G = benzyladenine; BAR = ribosylbenzyl-
adenine . 
156 
While unable to subject the different peaks to GCMS-
analysis , attempts were made to tentatively identify 
them using a variety of biochemical techniques. Peak 1 
had a retention time similar to that of adenine (Ade) . 
This compound is also formed when kinetin and natural 
cytokinins are metabolized. As stated by Letham & 
Palni (1983) the enzyme system operative must be 
different from cytokinin oxidase. Peak 2 was only 
detected after 6 h of incubation and was present in all 
three organs in low amounts . When hydrolyzed with 
acid, the recovered radioactivity shifted and co-chromat-
ographed with Ade. As ribosylation appears to be a 
common form of purine and cytokinin metabolism 
(Letham & Palni 1983; Forsyth & van Staden ] 986; van 
Staden & Mallett 1988) this peak probably represents 
adenosine (Ado) formed subsequent to the formation of 
Ade. Peak 3 was detected in all the organs both after 2 
and 6 h of incubation. It had a retention time of 54 min 
and did not co-chromatograph with any of the authentic 
markers available to us. When hydrolyzed with HCI for 5 
min , 51.7% of the radioactivity was again detected at its 
original retention time while 48.3% was associated with 
that for BA (Figure lB). Hydrolysis for 30 min resulted 
in a total shift of radioactivity to the retention time of 
BA. This peak therefore appears to be a conjugate of the 
cytokinin base BA. It did not co-chromatograph with the 
3 or 9 glucoside of BA nor with the monophosphate of 
ribosyl benzyl adenine (BAMP). There is the likelihood 
that it could represent a BAR conjugate. 
Peak 4 was detected only in the roots and had a reten-
tion time coincident with BAMP. When an aliquot of 
this peak was treated with HCl, all the radioactivity 
shifted to the retention time of BA. Treatment with 
alkaline phosphatase brought about a shift of radio-
activity to the retention time of BAR. There is therefore 
strong evidence for the formation of the nucleotide of 
BA in bean roots (Figure 1C). 
Peak 5 was also detected only in the roots (Table 1) . 
This peak co-chromatographed with the 9 glucoside of 
BA (BA9G) (Figure 1A). When treated with HCI for 30 
min , part of the radioactivity shifted to the retention 
time for BA (Figure 1D) . It was previously shown that 
this glucoside is not hydrolyzed easily (Bayley et at. 
1989). Peak 7 shifted to the retention time of BA follow-
ing acid hydrolysis and in all probability represents 
BAR. 
As stated earlier (Bayley et at. 1989) following a study 
of BA metabolism in tomato organs it is again clear that 
all plant organs do not metabolize cytokinins at the same 
rate nor to the same extent. There is also considerable 
evidence that both the rate and type of metabolite is 
different between plants and that the enzymes involved 
vary with physiological age (Burch & Stuchbury 1987). 
In tomatoes (Bayley et at. 1989) initial metabolism 
within the roots was the slowest whereas in beans this 
was observed in the stems and leaves. In beans the major 
metabolite in the stems and leaves was BAR whereas in 
tomatoes it was an unknown metabolite with a retention 
time of 48 min (Bayley et at. 1989) . Compounds 
coincident with BA9G and BAMP were not detected in 
the bean stems and leaves, but were present in the roots . 
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Only very small amounts of radioactivity was associated 
with BAMP. It is concluded from this that the main 
route of BA metabolism is BA ---7 BAR ---7 BAMP. Some 
of the BA is also glucosylated and some is degradatively 
metabolized to Ade. 
If the results from different studies with BA are 
compared it is clear that the route of metabolism in 
plants and their organs may differ (van Staden et at. 
1986; van Staden & Mallett 1988; Bayley et at. 1989). It 
is therefore not surprising that results on the use of this 
cytokinin for plant growth manipulation is not always 
consistent. In the case of beans, Carmi & Heuer (1981) 
reported that BA application increased primary and 
trifoliate leaf growth when root growth is restricted. 
These authors used foliar application. The present 
results clearly show that the leaves during the first 6 h 
after application did not glucosylate nor degradatively 
metabolize the BA. It was converted largely to BAR, a 
compound which in all likelihood plays a significant role 
in plant growth and hence the positive response . 
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